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MULTIPLEXED SYNCHRO DRIVER 

BACKGROUND OF THE INVENTION 

The present invention relates to synchro control and 
more particularly to multiplexing techniques for syn 
chro drivers (transmitters). 

Synchros are well-known in the prior art and are used 
to drive and control a variery of instruments in response 
to electrical excitation. By way vof example, in many 
avionic systems synchros are employed to provide shaft 
rotation for controlling various aircraft instruments for 
display and control. In such instances, the prior art 
typically employs a plurality of synchros and servos for 
various devices in the aircraft. Conventional solid-state 
synchro drivers designed to control the excitation of the 
windings of a synchro receiver often have limited appli 
cations because of different requirements for providing 
suf?cient drive for heavy mismatched loads and proper 
damping for light single loads. In many applications 
requiring both, conventional synchro drivers and de 
signs sacri?ce one capability for achieving the other. As 
a result, the application of synchro systems to a variety 
of aircraft environments is often very limited. 

In addition to the above, in many advanced avionics 
systems employing synchro controls, there is a continu 
ing need to reduce size, weight and power requirements 
of the instrument and control systems. Using conven 
tional synchro systems, the power supply and driver are 
required to have a capacity suf?cient to meet all of the 
power and output requirements regardless of the syn 
chro load. Thus, the-driver and power supply are ‘re 
quired to handle the average power dissipation regard 
less of the size of the load. As a result, many synchro 
driving systems cannot meet the spectrum of loading 
conditions required in current aircraft without a speci?c 
tailoring of the drive circuitry or the aircraft system. In 
any event, such synchro systems necessarily are con 
structed to handle the maximum power requirements of 
the system, thereby resulting in the dissipation of signi? 
cant power regardless of the number or type of syn 
chros being driven. 

In many high technology systems including Tacan, 
VOR, DME, etc., there is still a need for the use of 
synchro systems and synchro drives. However, in view 
of the weight, cost and miniaturization requirements of 
many of the systems, there is a continuing need to pro 
vide less costly, more efficient, and less complex cir 
cuitry associated with synchro functions and control. 
There is therefore a continuing need to provide synchro 
systems and synchro drives which may be applied in a 
variety of aircraft and other systems requiring synchr 
control. ' 

Accordingly, the present invention has been devel 
oped to overcome the speci?c shortcomings of the 
above-known and similar techniques and to provide an 
improved synchro system and drive having a variety of 
applications. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a synchro 
driving system is disclosed for providing multiplexed 
control of synchro receivers. In one embodiment of the 
invention, a conventional synchro excitation signal is 
provided to the excitation windings of a synchro re 
ceiver and is also coupled to a zero crossing detector for 
providing a trigger signal in response to the detected 
zero crossings of the excitation signal. A counter is 
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2 
coupled to receive the trigger signal and to provide a 
plurality of outputs presenting a count from one 
through n. The output from the counter is coupled to a 
synchro driver which receives an input signal of the 
same frequency as the excitation signal for driving an 
associated winding of a synchro receiver. The synchro 
driver responds to the output of the counter to periodi 
cally provide a portion of the input signal as a drive 
signal for the associated synchro winding. Each wind 
ing of the synchro receiver has an associated driver 
controlled by the same counter output and thus pro 
duces a drive signal for a period determined by the 
count of the counter. An additional detection circuit 
may be coupled to determine when a servo is connected 
to the drive outputs to allow suf?cient drive for servo 
only loads while providing duty cycle control for loads 
including synchro receivers. 

It is therefore a feature of the invention to provide an 
improved synchro system. 

It is a further. feature of the invention to provide a 
synchro drive system which reduces average power 
dissipation. 

It is still a further feature of the invention to provide 
a multiplexed synchro driver which allows reduction in 
the size of the power supply and driver for a synchro 
control system. 
Yet another feature of the invention is to provide a 

multiplexed synchro drive which provides effective 
damping of the driver output without sacri?cing peak 
current capability for proper synchro null. 
Yet a further feature of the invention is to provide a 

multiplexed synchro driving system which can accom 
modate heavily mismatched loads and still provide ef 
fective damping for light signal loads. 
A still further feature of the invention is to provide a 

synchro drive system which can be used to control 
synchro and servo motors in parallel yet accommodate 
servo drive alone. 
These and other objects, advantages, and novel fea 

tures of the invention will become apparent from the 
following detailed description when considered in con 
nection with the accompanying drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram showing the 
synchro drive and control system in accordance with 
the present invention. 
FIG. 2 is a schematic diagram showing the signals at 

various outputs to the electrical devices depicted in 
FIG. 1 and their time relation with respect to one an 
other. 
FIG. 3 is a detailed schematic diagram showing the 

construction of a synchro driver used in the system of 
FIG. 1. 
FIG. 4 is a detailed schematic diagram showing a 

particular detection circuit which may be employed in 
the system of FIG. 1 to detect servo only control. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring now to the drawings, wherein like numer 
als are used to refer to like elements throughout, there is 
shown in FIG. 1 a synchro drive and control system in 
accordance with the present invention. More particu 
larly, the system 10 includes an excitation signal pro 
vided to terminal 12 which is used to drive the excita 
tion winding 16 of a synchro receiver 14 having associ 
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ated synchro coils S1, S2 and S3 coupled in a Y con?gu 
ration as shown in the drawing. The signal at terminal 
10 is also coupled as an input to a conventional zero 
crossing detector 18 which detects the zero crossings of 
the excitation signal shown as a conventional 400 Hz 
synchro driving signal A in FIG. 2. 
The output of the zero crossing detector 18 is a 

pulsed signal which is triggered in response to each zero 
crossing detection. The pulse or trigger output of zero 
crossing detector 18 is coupled to a count control input 
of a conventional counter 20. The counter 20 receives 
each trigger input from the zero crossing detector 18 
and provides an output on associated lines 22a-22n as 
the counter counts the number of trigger pulses. The 
counter is constructed to count from 1 to 11 before re 
peating the same count in response to continuing trigger 
signals. As will be understood, the output on line 22a 
will be a logic “1” in response to the ?rst count and that 
logic “1” will subsequently move one line to the next of 
the sequential outputs 22b-22'n in response to each next 
succeeding trigger signal from zero crossing detector 
18. 

In the embodiment shown in FIG. 1, the ?rst output 
22a is shown coupled to an OR gate 26 and each of the 
other outputs 22b-22n of the counter 20 may be coupled 
in a similar manner to other drivers in the synchro sys 
tem if required. Thus, although the remaining portions 
of the system 10 shown in FIG. 1 are not speci?cally 
shown in relation to the outputs 22b-22n, it should be 
apparent that the same elements‘ depicted in FIG. 1 may 
be employed for additional synchro drives as are em 
ployed with respect to the output 220. 
The output of OR gate 26 provides a signal C as one 

input to each of the synchro drivers 28 coupled to drive 
an associated synchro winding S1 and S2 of the synchro 
receiver 14. The synchro drivers 28 are of identical 
construction so that the description of the construction 
and operation of one will suf?ce with respect to an 
understanding of the operation and construction of all 
other synchro drivers that may be used in the described 
system. . 

The signal C, more particularly depicted in FIG. 2, is 
a digital signal determined by the presence of a logic 1 
on the output 22a of counter 20. In the present system of 
FIG. 1, the counter 20 is selected as a counter having n 
equal to 4 such that the logic 1 output on 22a is repeated 
for every fourth period of the excitation signal A. The 
synchro drivers 28 receive as a second input, a drive 
signal B coupled to terminal 36 and depicted in FIG. 2, 
as a signal of the same frequency as the excitation signal 
A. The signal B may have a phase difference depending 
upon the desired position of the synchro in accordance 
with conventional synchro control construction and 
techniques. The synchro driver acts as a gate which 
passes a portion of the drive signal B to the respective 
and associated windings S1 and S2 of the synchro motor 
as the drive signal output D. The signal D is shown 
more particularly as one period of the signal B as'deter 
mined by the counter output C from 22a. It should be 
appreciated that although signal B is shown as a single 
signal coupled from terminal 36 to both drivers 28, in 
practice, the signal B would be two separate signals 
applied individually to each driver 28 in a manner con 
ventionally employed in the prior art. 
As will be understood from the above description of 

FIG. 1, the synchro drivers 28 are controlled so that the 
drive signal B is passed to drive the associated winding 
S1 or S2 only during a time ?xed by the counter 20. As 
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4 
a result, there is no continuous drive of synchro 14 nor 
of any other synchros attached and driven by other 
synchro drivers coupled to respond to the outputs 
22b-22n of the counter 20. Therefore, the average 
power dissipation in the synchro driver can be reduced 
and the capacity of the power supply required to drive 
the synchros can be reduced by approximately n times. 
This is due to the multiplexing produced by the cycling 
of the counter outputs 22a-22n to drive the respective 
synchro windings on a multiplexed basis. Additionally, 
the multiplexing produces an effective damping of the 
driver output for light synchro loads without sacri?cing 
the peak current capability required to properly null a 
synchro thereby allowing more versatile operation in 
systems requiring heavy mismatched loads and light 
single loads. Thus, for light loads, the multiplexed syn 
chro driver denies the average input required to main 
tain a motoring condition while still being capable of 
supplying peak nulling current required by heavy mis 
matched loads. 

Referring now to FIG. 3, there is shown one embodi 
ment of a speci?c solid-state circuit that may be used to 
implement, the driver circuit 28 in FIG. 1. The driver 28 
includes a solid-state switch 40 which may be conven 
tionally constructed from a typical semiconductor 
switch formed by element AD7510. Obviously, al 
though depicted as mechanical contacts 411: and 41b, 
the switch contacts are actually solid-state switching 
devices driven to have an open and closed condition in 
response to the digital logic signal C provided as the 
output of the counter 20. Thus, solid-state switches 40 
are driven by signal C such that upon the occurrence of 
a logic 1 output (e.g., on line 220) the contacts 410 and 
41b are closed, while during the remaining time period 
the contacts 410 and 41b remain open. 
The switch contacts 410 and 4117 respectively, couple 

negative 15 volt DC and positive 15 volt DC voltages 
from terminals 43 and 45, respectively, to the base of 
associated transistors 42 and 44. Transistor 42 is a 
2N2907A having its emitter terminal coupled to the 
negative V input of a conventional 741 operational 
ampli?er 46. Transistor 44 is a 2N2222A having its 
emitter coupled to the plus V input of the operational 
ampli?er 46. Each transistor 42, 44 has a 150 ohm resis 
tor R3, R4 coupled between the base and emitter of its 
associated transistor. The collector of transistor 42 is 
coupled to the base of transistor 48 while the collector 
of ‘transistor 44 is coupled to the base of transistor 50. 
The transistors 48 and 50 have capacitors C1 and C2 of 
0.01 microfarads coupled between the collector and 
base of the associated transistor and each emitter of the 
transistors 48 and 50 has a series resistance R8, R9 re 
spectively, coupled between a negative 22 volt DC 
source and a positive 22 volt DC source in the manner 
shown in FIG. 3. Also, 3.3K ohm resistors R1 and R2 
are coupled between the associated 22 volt DC voltage 
and the base of the corresponding transistor 48 and 50. 
The input to the circuit 28 is provided at terminal 51 

as signal B and is coupled through a 10K ohm resistor 
R6 as an’input to the inverting input of operational 
ampli?er 46. The noninverting input to the same opera 
tional ampli?er 46 is coupled through a 6.8 ohm resistor 
R7 to ground. The output of operational ampli?er 46 is 
coupled to one terminal of a 470 ohm resistor R5 having 
its second terminal coupled to ‘ground and also to one 
terminal of a 0.1 mircrofarad capacitor C3 having a 
second terminal coupled to the collectors of both the 
transistors 48 and 50 to provide the signal D on output 
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terminal 53. A 20 K ohm resistor R10 is coupled be 
tween the inverting input to the operational ampli?er 46 
and the commonly coupled collectors of the transistors 
48 and 50. 
The operation of the above circuit may be easily 

understood by reference to the same FIG. 3. In this 
regard, the signal C from the counter 20 provides a 
logic switch control which switches the plus and minus 
15 volt DC supply through the respective switch 
contacts 41a and 41b for one of every n cycles of the 400 
Hz inputexcitation signal as shown in FIG. 2. When the 
switches represented by the contacts 41a and 41b are 
open, the source of emitter-base current for the transis 
tors 42 and 44 is interrupted which acts to maintain 
transistors 48 and 50 in an off condition so that the 
transistors 48 and 50 are essentially an open circuit and 
the output 53 represents an open circuit. The open cir 
cuit is represented by relatively high impedance of ap 
proximately 4K ohms relative to the low impedance of 
the instrument being driven (synchro 14 )to which the 
synchro driver 28 is attached. Accordingly, the high 
impedance output at 53 looks like an open circuit for 
driving purposes. 
When the logic 1 count signal C appears on line 22a 

in FIG. 1, the switches represented by contacts 410 and 
41b are closed to provide quiescent supply current to 
the operational ampli?er 46 through resistors R3 and 
R4 with a voltage drop suf?ciently low that transistors 
42 and 44 remain off with a zero volt input into R6. 
However, when the input to R6 goes positive in re 
sponse to the signal input B at terminal 51, the opera 
tional ampli?er 46 demands more negative supply cur 
rent through resistor R3 in an attempt to force the out 
‘put to a negative value approximately twice the value of 
the input. This action causes the voltage drop across R3 
to rise enough to turn on the transistor 42 which in turn 
turns on transistor 48 to supply the desired output cur 
rent required to bring the output voltage at the collec- , 
tor of 48 to a negative value approximately two times 
the input. 

Consequently, when the input to terminal 51 becomes 
negative due to the tracking of signal B, the process 
described above with respect to transistors 42 and 48 is 
identical for transistors 44 and 50 on the opposite side of 
the ampli?er 46. In both instances, R8 and R9 provide 
current limitations for the ampli?er 46. The net result of 
this operation is that the output of 53 is a signal D repre 
senting a period of the input signal B at terminal 51 
determined by the counter signal C for the time period 
that the switches represented by contacts 410 and 41b 
remain closed. 

In testing the above-identi?ed device, including the 
circuit 28, it has been discovered that for heavy mis 
matched load situations (those situations wherein up to 
14 synchro loads are employed with a delta phase of 6° 
and a K-factor mismatch of 10%) and for very light 
loads prone to motoring, an accuracy of better than 
i 1° can be maintained with no motoring for a value of 
4éné6. This allows multiple synchro receivers 14 to 
be multiplexed using the outputs 22a-2212, the drivers 28 
to maintain average power dissipation at a lower value 
and to cause effective damping for variable loads while 
still maintaining the capability of supplying the peak 
nulling current required for heavy mismatched loads. 

In many systems employing synchro drive and con 
trol, it is often necessary to also employ servo loads 
alone or in parallel with the synchro receivers. When a 
synchro receiver is used in parallel with a servo load, 
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the driving system of FIG. 1 is capable of properly 
driving a servo load at desired tracking rates for satis 
factory performance in the instrument or control sys 
tem. However, if a servo load is driven alone, the multi 
plexed driver will not satisfactorily drive the servo load 
at the desired tracking rates. Accordingly, in order to 
ensure the capability to provide the improved operation 
using the synchro driver system shown in FIG. 1 with 
systems where a servo load may be driven alone, a 
dummy synchro load could be connected to the outputs 
so that the driver multiplexing could be used. However, 
the same capability to employ the synchro drive system 
of FIG. 1 may be achieved using a servo detector con 
trol 32, more particularly shown in FIG. 4. 

Referring now to FIG. 4, servo detector control 32 
includes inputs 31 and 33 which are coupled to the 
outputs of both synchro drivers 28 providing signal D 
to the respective windings S1 and S2. The terminals 31 
and 33 are coupled to the anodes of diodes D1 and D2 
having their cathodes coupled in common to one termi 
nal of a 100K ohm resistor having its second terminal 
coupled to the negative input of an LM139 comparator 
52. A second 100K ohm resistor has one terminal cou 
pled to the same negative input of the ampli?er 52 and 
its other terminal coupled to a negative 5 volt DC sup 
ply voltage. The positive input of the ampli?er 52 is 
coupled to ground. The output of ampli?er 52 is cou 
pled to a 3.5 ms one-shot device 54 formed from a con 
ventional component LS123. The Q output of device 54 
is coupled to the clocking input'of a 100 ms one-shot 
device 56 also formed from the conventional compo 
nent LS123. The Q output of the one-shot device 56 
forms the output 34 of the servo control 32 which, as 
shown in FIG. 1, is coupled as the second input to the 
OR-gate 26. 

In the operation of the circuit of FIG. 1, the servo 
detector control 32 monitors the output signal on the 
synchro coils S1 and S2 between the drive cycles to 
determine when the signal on the output goes to zero 
for more than 3.5 ms. A zero output detected by lines 31 
and 33 indicates that a servo only load is coupled to the 
drive system. This is determined by detecting when the 
peaks of the signals provided to S1 and S2 simulta 
neously fall below approximately 5 volts for more than 
3.5 ms. At that time, the servo control 32 provides full 
drive by causing a logic 1 output for a period of 100 ms _ 
through one-shot element 56. After that 100 ms period, 
the outputs to S1 and S2 are again detected through 
lines 31 and 33 of servo detector control 32 to again 
monitor the loads. If it is still a servo only drive, the 
one-shot 56 continues to drive the windings S1 and S2 
in the same manner. This activity provides suf?cient 
drive for servo only loads and also detects when a syn 
chro is switched into the circuit so that the duty cycle 
output D can be initiated. 
With speci?c reference to FIG. 4, as long as the syn 

chro load 14 is coupled to the output of synchro drivers 
28, the output from lines 31 and 33 will produce a volt 
age in excess of 5 volts at the input to the ampli?er 52 at 
least once every 2.5 ms. This will maintain a trigger 
signal at the input of 52 through diodes D1 and D2 
which will cause one-shot 54 to keep retriggering and 
therefore never trigger element 56. This causes the 
output Q of element 56 to remain low which allows a 
normal duty cycle control by signal C as the input to 
synchro drivers 28 for the operation as previously de 
scribed. 
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In the event that a servo is connected alone to the 
outputs of a synchro driver 28, there will be zero volts 
during the driver dead time which will cause the Q 
output 'of element 54 to go low for a time suf?cient to 
trigger the 100 ms one-shot 56 and thereby provide a 
high signal output at 34 for providing full drive output 
to the servo. At the end of each 100 ms drive time, the 
detection through lines 31 and 33 will repeat and will 
provide the recurrent 100 ms output for as long as the 
servo is connected to the output of the synchro drivers 
28 alone. Thereafter, if synchros are provided in parallel 
with the servo, the normal drive by the control signal C 
from the counter 20 will be reinstated due to the opera 
tion of the one-shot 54 as previously described. 

In accordance with the above description, the present 
invention provides an improved synchro drive and 
control system which allows more ef?cient operation of 
instruments and systems employing synchro and servo 
control. In particular, the described multiplexed system 
allows a reduction in the total power required for driv 
ing various synchro motors and reduces the power 
dissipation and thereby the cost and size of many com 
ponents employed in such systems. Furthermore, the 
system provides versatility for allowing the drive of 
heavy mismatched loads while still accommodating and 
providing effective damping for light loads. These fea 
tures allow the system to be used to control a variety of 
instruments in current aircraft systems and any other 
systems employing such synchro and servo control. 
The resulting savings in cost, complexity, size and 
weight allow the more effective use of synchro control 
with the advanced technology. All of these are features 
which are not shown or suggested by any of the prior 
art. 
Although the invention has been described with ref 

erence to the speci?c implementations described in 
FIGS. 1-4, it will be apparent that other particular 
circuits could be employed to produce the same opera 
tion and control features in light of the detailed descrip 
tion. Obviously, there are many other variations and 
modi?cations of the invention which are possible in 
light of the above teachings. It is therefore to be under 
stood that within the scope of the appended claims, the 
invention may be practiced otherwise then as speci? 
cally described. ' 

I claim: 
1. A synchro drive system comprising: 
at least one synchro receiver having an excitation 

winding and a plurality of drive windings; 
means for providing an excitation signal of a given 

frequency to said excitation winding; 
means for providing a synchro drive signal having 

the same frequency as said given frequency; and 
means responsive to said excitation signal for inter 

mittently coupling a portion of said synchro drive 
signal to at least one of said synchro drive wind 
ings. 

2. The system of claim 1 wherein said at least one 
synchro receiver is a plurality of synchro receivers. 

3. The system of claim 1 wherein said means respon= 
sive to said excitation signal comprises: 
means for detecting zero crossings of said excitation 

signal and providing a trigger signal output for 
each zero crossing; 

counter means responsive to each trigger signal for 
counting said trigger signals and providing a plu 
rality of counter outputs, each providing a count 
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8 
signal output in response to a predetermined num 
ber of counts of said trigger signals; and 

at least one synchro driver coupled to one of said 
plurality of counter outputs for coupling said por 
tion of said synchro drive signal as a synchro drive 
output to said at least one synchro drive winding in 
response to a count signal output. 

4. The system of claim 3 wherein said at least one 
synchro driver is a plurality of synchro drivers, each 
coupled to receive the same count signal output to pro 
vide said portion of said synchro drive signal to a differ 
ent one of said plurality of synchro drive windings. 

5. The system of claim 3 wherein said counter means 
is a digital counter having N counter outputs on which 
said count signal output cyclically occurs for each N 
count as said counter counts from 1 to N. 

6. The system of claim 3 wherein said at least one 
synchro receiver includes a plurality of synchro receiv 
ers, and wherein said at least one synchro driver in 
cludes a plurality of synchro drivers, each coupled to a 
different counter output of said plurality of counter 
outputs for coupling a portion of a synchro drive signal 
to at least one drive winding of a different one of said 
plurality of synchro receivers. 

7. The system of claim 4 further including: 
means coupled to said multiple drive windings for 

detecting a predetermined voltage level of said 
synchro drive output and providing a detection 
signal; and 

means responsive to said detection signal for provid 
ing an override signal to cause said syncho drivers 
to couple said synchro drive signal to said synchro 
drive windings upon the occurrence of said detec 
tion signal, and for causing said synchro drivers to 
provide said portion of said synchro drive signal to 
said synchro drive windings during the presence of 
said count signal output. 

8. The system of claim 7 wherein said means respon 
sive to said detection signal is an OR-gate coupled to 
receive said detection signal and said count signal out 
put. 

9. The system of claim 7 wherein said means for de 
tecting comprises: 

?rst and second diodes each having an anode coupled 
to a different one of said synchro drive windings to 
detect said predetermined voltage level and a cath 
ode coupled in common through a ?rst impedance 
to a node point which is also coupled through a 
second impedance to a voltage reference source; 

an operational ampli?er having an inverting input 
coupled to said node point and a non-inverting 
input coupled to ground, and an output; 

a ?rst one-shot device having a clock input coupled 
to the output of said operational amplifer and an 
output which provides a ?rst one-shot signal for a 
?rst predetermined period of time in response to a 
signal at said clock input; and 

a second one-shot device having a clock input cou 
pled to the output of the ?rst one-shot device for 
providing a second one-shot signal for a second 
predetermined period of time in response to said 
?rst one-shot signal at the clock input of said sec 
ond one-shot device. 

10. The system of claim 9 wherein said ?rst one-shot 
device is a 3.5 ms device, and said second one-shot 
device is a 100 ms one-shot device. 
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11. In an instrument system employing synchro re 
ceiver and parallel coupled servo loads for instrument 
control, the improvement comprising: 

at least one servo load coupled for intrument control; 
at least one synchro receiver having an excitation 

winding and a plurality of drive windings and cou 
pled in parallel with said at least one servo load; 

means for providing an excitation signal of a given 
frequency to said excitation winding; 
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10 
means for providing a synchro drive signal having 

the same frequency as said given frequency; 
means responsive to said excitation signal for inter 

mittently coupling a portion of said synchro drive 
signal to at least one of said synchro drive wind 
ings; and 

means responsive to signals on said synchro drive 
windings representing a servo load only for provid 
ing a drive signal capable of driving said at least 
one servo load alone. 

* * 1‘ * * 


